This paper proposes a new approach for ranking efficiency units in data envelopment analysis as a modification of the super-efficiency models developed by Tone [1] . The new approach based on slacks-based measure of efficiency (SBM) for dealing with objective function used to classify all of the decision-making units allows the ranking of all inefficient DMUs and overcomes the disadvantages of infeasibility. This method also is applied to rank super-efficient scores for the sample of 145 agricultural bank branches in Viet Nam during 2007-2010. We then compare the estimated results from the new SCI model and the exsisting SBM model by using some statistical tests.
Introduction
DEA is a non-parametric approach of frontier estimation, first developed by Charnes, Cooper, and Rhodes (CCR) [2] . Based on the original CCR model, Banker, Charnes, and Cooper (BBC) [3] developed a variable returns to scale (VRS) variation. Various researchers have developed DEA ever since. A large number of empirical studies have adapted these models to deal with real economic problems. One adaptation is to rank decision-making units (DMUs), such as firms or industries. DMUs are divided into efficient and inefficient groups, and their ranks can be examined by using DEA.
According to Adler et al. [4] , the research on ranking DMUs could be classified into six streams, including 1) cross-efficiency ranking methods; 2) benchmark ranking method; 3) ranking with multivariate statistics in the DEA context; 4) ranking inefficient DMUs; 5) DEA and multi-criteria decision-making methods; and 6) superefficiency ranking techniques. The sixth stream is superefficiency ranking techniques developed by Andersen and Petersen [5] , which ranked efficiency units by measuring the distance from an efficiency unit to a frontier, based on a set of observations excluding the efficiency unit in question. In other words, the most efficient unit is the one that can proportionally reduce outputs relative to the most efficient one without becoming inefficient. The approach has become very popular and a lot of research work has extended this idea. Liu and Tsai [6] introduced tools for reconciling diverse measures, which characterize the profitability of the twenty-nine public semiconductor companies in Taiwan. To analyze their profitability performance, the companies used five variables, including three inputs and two outputs. Their procedure included five phases. In phase I, the companies used the super-SBM model to distinguish the efficient and inefficient companies. In phase II, the companies used the super-SBM model to obtain the projection points of the efficient companies on the frontier. These projection points constructed the secondary frontier. In phase III, they located the projection of inefficient companies on the secondary frontier. In phase IV, they used a linear programming technique to determine the set of weights of the indices for all the points on the secondary efficient frontier. Lastly, in phase V, they traced back the efficiency score of each company by multiplying the absolute efficiency score of its projection point on the secondary score obtained from the phase II and phase III. Lotfi et al. [7] presented the idea of computing the efficiency of DMUs with interval data. An interval was defined for the efficiency score of each unit. Lotfi et al. [7] examined a method for ranking DMUs by obtained efficiency interval. Their method was applied to commercial bank branches in Iran. Recently, Li et al. [8] developed a su- per-efficiency model to overcome some deficiencies in other models. They showed that their model was superior to that of both Andersen and Petersen [5] and Mehrabian et al. [9] by removing deficiencies in these models. Li et al. [8] also compared their model with slacks-based model developed by Tone [10] , who presented a new super-efficiency model based on the work of Andersen [5] . However, Tone's [9] super-efficiency model could not be applied to rank inefficient DMUs. In the section 2, we present the new approach, the section 3 applies the new approach to bank branches, including previous studies on banking performance, bank input and output, super-efficiency scores from SCI model, and the comparison of SBM and SCI models. The last section provides concluding remarks.
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Application to Vietnamese Agricultural Bank Branches
The structure of the agricultural bank has changed swiftly during the transition, in which the number of bank branches and the volume of capital transactions have increased over time. The agricultural bank has greatly contributed to the development of financial markets, especially the development of agricultural sector in Viet Nam. Studying production efficiency of the agricultural bank branches is thus necessary for promoting further contribution of the agricultural bank to the economy, as well as for proposing policy strategies for development of the agricultural sector under globalization. However, there have been a few quantitative studies that focus on measuring production efficiency of the commercial banks in Vietnam, and most of the current studies were based on qualitative analyses. Therefore, the objectives of this application are to estimate efficiency levels for the agricultural bank branches in Vietnam and to rank these bank branches according to their efficiency score in order to identify the most and the least efficient bank branches.
Previous Studies on Banking Performance
At the microeconomic level, efficiency is a concept to measure how efficiently the resources like inputs are used to produce an output of a defined final product. For the banking sector, the problem is rather complicated, because of the difficulties in defining the final products. For instance, should bank deposits be traced as an input or an output, and how should off-balance sheet items be treated? There are two main approaches for choosing input and output variables, including the value-added approach, and the asset approach or intermediation approach. The valued added approach is based on the share of value added to identified inputs and outputs for the banking sector. This approach considers deposits as outputs since they imply the creation of value added. The intermediation approach is based on the theory of intermediation, which considers banks as financial intermediation between depositors and borrowers. In this approach, liabilities are considered as inputs and assets as output. In fact, many studies have applied intermediation approach in DEA analysis. For instance, Favero and Papi [11] estimated the technical efficiency of 174 Italian banks in 1991 by using four inputs (labour, capital, loanable funds, and financial capital), and three outputs (loans, investments, and non-interest income). The estimated results were robust to modifications in the specification of inputs, and outputs followed the intermediation and asset approaches. Wheelock and Wilson [12] used non-parametric approach to compute the Malmquist index and productivity change for all U.S. banks during 1984-1993. They used three inputs (labour, physical capital, and purchased funds) and five outputs (real estate loans, commercial and industrial loans, consumer loans, all other loans, and total deposits), and found that the average productivity growth of larger banks was 3.44% per year during [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Using data of 1490 banks of German banking, Lang and et al. [13] evaluated the banking technology by applying the intermediation approach, which treated deposits as inputs and loans as outputs.
Asmild et al. [14] used data envelopment analysis (DEA) window analysis to evaluate the industry's performance overtime during 1981-2000. To measure productivity changes overtime, they used Malmquist indices, calculated from DEA scores. To define the "same period frontier" in a DEA window analysis, Asmild et al. [14] showed that for both the adjacent and the base period Malquist index and for all suggested definitions of same period frontier.
Camanho et al. [15] described an application of data envelopment analysis (DEA) to the performance assessment of Portuguese bank branches. They focussed on analyzing the relation between branch size and performance. Hauner et al. [16] considered bank efficiency and competition in low-income countries in the case of Uganda. The concern was that the state-dominated, inefficient, and fragile banking systems in many low-income countries, especially in sub-Saharan Africa, were a major hindrance to economic growth. They analyzed the impact of the far-reaching banking sector reforms undertaken in Uganda to improve competition and efficiency. They found that the level of competition has increased significantly and had been associated with a rise in efficiency. They showed that the larger banks and the foreign-owned banks had become more efficient, while smaller banks had become less efficient in the face of increased competitive pressures.
Wheelock et al. [17] considered new evidence on re-turns to scale and product mix among the U.S. commercial banks. They found that banks experience increasing returns to scale up to approximately $500 million of assets, and constant returns and minimum efficient scale had increased since 1985. Chen [18] analyzed the technical efficiency of 39 banks in Taiwan using chance-constrained DEA and stochastic frontier analysis (SFA). He showed that there were significant differences in efficiency scores between chance-constrained DEA and stochastic frontier production function.
Nguyen et al. [19] estimated efficiency levels for 32 commercial banks in Vietnam during 2001-2005 and ranked these banks according to their efficiency scores in order to find the most and the least efficient banks. Efficiency was measured by data envelopment analysis (DEA) model and super-efficiency measure through SBM, in which the assumption of variable return to scale (VRS) was used. They conducted a sensitive analysis, in which data for the banks were allowed to simultaneously vary across different subsets of inputs and outputs.
Bank Input and Output
In this study, the selection of inputs and outputs for our model is based on the intermediation approach. The output categories include received interest (y 1 ); other operating income (y 2 ); and total loans (y 3 ). The inputs include personnel expenses (x 1 ); net total assets (x 2 ), which are estimated by the total domestic assets minus bank loans and investments; all deposits (x 3 ); and labour (x 4 ). The study period is 2007-2010, in which the number of observations remains over time. Table 1 presents the statistical summary for the outputs and inputs of the sampled banks in the study period. Generally, the table shows that the Agricultural bank branches in Vietnam expanded over time in terms of all output and input indicators.
Data of Agricultural Bank Branches in 2007-2010
Data in our research, which was obtained from the Vietnamese Agricultural Bank, consist of annual observations of outputs and inputs from 145 agricultural bank branches during 2007-2010. Three outputs and four inputs are used in the empirical application of this study. The four inputs are personal expenses, net total assets, deposits and labour and three outputs are received interest, other interest income and loans. These input and output variables are defined in Table 1. Tables 2-5 present the statistical summary for the outputs and inputs of the sample banks in the study period. Generally, all tables show that the agricultural bank branches in Vietnam expanded over time in terms of output and input indicators. Note that, among the studied bank branches, there were 14 largest ones, which accounted for 33.5%, 31.5%, 30.6%, and 28.6% of the total assets of all 145 bank branches in 2007, 2008, 2009 , and 2010, respectively. The 14 smallest bank branches in the sample only accounted for 1.2%, 2.5%, 2.7%, and 2.9% of total assets of the total sampled banks in the study period.
Super Efficiency Scores from SCI Model
The analysis produced sets of super-efficiency scores for each year from 2007 to 2010. They are the super-efficiency under the assumption of constant return to scale and the super-efficiency under the assumption of variable return to scale. The scores are presented as annual averages of bank branches under investigation for the whole Vietnamese Agricultural bank. Although average the super-efficiency scores causes loss of information, particularly the variation among individual bank branches would require a separate study. However ranking of each bank branches can capture information about bank branches' super efficiency scores. Super-efficiency score is estimated using the Mathlab program with input-oriented model under the assumption of constant return to scale and variable return to scale for the sample of 145 Agricultural bank branches in Vietnam. Table 6 presents the estimated results. Under the assumption of constant return to scale, the mean superefficiency of the sampled bank branches in 2007, 2008, 2009 , and 2010 were 64%, 63%, 57%, and 59%, respectively. While, under the assumption of variable return to scale ,the mean super-efficiency of the sampled bank branches in 2007, 2008, 2009 , and 2010 were 71%, 71%, 66%, and 67%, respectively. These results imply that on average, the sampled bank branches could produce the same output levels by using fewer resources than they employed in respective years.
As shown in Table 6 , maximum and minimum superefficiency levels for the sampled bank branches under the assumption of constant return to scale (variable return to scale) varies from 1.328 ( Note: Personal expenses of 2007 are given at constant prices in columns (2) . Net total asset, deposits and labour of 2007 are in column (3), (4) and (5). Received interest, other interest income and loans of 2007 are in columns (6) , (7) and (8), respectively. (3), (4) and (5). Received interest, other interest income and loans of 2008 are in columns (6), (7) and (8), respectively. Notes: Personal expenses of 2009 are given at constant prices in columns (2) . Net total asset, deposits and labour of 2009 are in column (3), (4) and (5). Received interest, other interest income and loans of 2009 are in columns (6), (7) and (8), respectively. Note: Personal expenses of 2010 are given at constant prices in columns (2) . Net total asset, deposits and labour of 2010 are in column (3), (4) and (5). Received interest, other interest income and loans of 2010 are in columns (6), (7) and (8), respectively. SBM and SCI models. To do so, we use: 1) Spearman Test for differences inefficiency score of the sample bank branches from SBM and SCI under the assumption of constant return to scale and variable return to scale;
Relation between Banks' Total Assets and Super-Efficiency Scores
In this section, our analysis focuses on the relation between bank size (the total assets by proxy) and superefficiency scores. The question is whether in the study period the larger bank branches had higher super-efficiency score than did the smaller bank branches. To do so, we use Spearman rank correlation for testing the null hypothesis H 0 (total assets and super-efficiency scores are independent). Results of the statistical tests of the null hypothesis are shown in Table 11 . The Spearman rank correlation coefficients between total assets and super-efficiency scores estimated from SCI's model (2007, 2008, 2009, and 2010 ) are positive, but not high. They show that we cannot reject the null hypothesis. It generally means that, the large bank might not have high super-efficiency score. In practice, for instance, the total assets of Hanoi bank branch was about five times higher than the total assets of the Quan 10 bank branch, but Quan10 bank branch was more efficient than Hanoi Bank branch; even Quan 10 was one of the top ranking bank branch under the assumption of CRS.
2) Statistical tests for differences inefficiency score of the sample bank branches from SBM and SCI by Kendall's tau; and 3) Two Banker's asymptotic DEA efficiency tests for inefficiency differences between two different efficiency scores.
Before presenting the results of each test, we summary some estimated results from SBM model as the following. SBM models were estimated using the program DEASolver Software ( 
Tests for Differences Inefficiency Scores from Two Models
The two approaches were used to measure the superefficiency for the sample of the agricultural bank branches in Vietnam. SBM is based on the work of Tone (2002 The results of the above two test statistics provide us with two findings: 1) the correlations between estimated super-efficiency series from SBM model and SCI model are positively and highly significant level; and 2) the correlations between rank series estimated from those are strong.
Banker's Test
To show differences between the average efficiency score of SBM and SCI models under the assumptions of variable return to scale and constant return to scale, we use two Banker's asymptotic DEA efficiency tests. Tests have been used to test for inefficiency differences between two different efficiency scores.
1) The first test uses based on the assumption of the two inefficiencies (1 - SBM and 1 - SCI ) from the SBM and SCI models that follow the exponential distribution.
 
The test statistic is 2) The second test is based on the assumption of the two inefficiencies (1 - SBM and 1 - SCI ) from the SMB and SCI models that follow the half-normal distribution.
The test statistic is   
Concluding Remarks
This paper presented the new approach to rank inefficient DMUs based on SBM. This model allowed the ranking of all inefficient DMUs and overcomes the disadvantages of infeasibility. The new approach was applied to rank super-efficient scores for the sample of 145 agricultural bank branches in Viet Nam during 2007-2010. By using the Spearman Rank Test, Kendall's tau-b test and Bankers' tests show that the ranks of the sampled bank branches based on the SBM and SCI approaches are highly correlated.
